The nanostructured cerium dioxide (CeO 2 ) has been successfully fabricated using a simple precipitation method. Its characteristics were evaluated using TG-DTA, DR-UV-Vis, XRD, FTIR and TEM. The results showed that the nanostructured CeO 2 has high purity and good crystalline nature, with face centered cubic (fcc) phase and the average diameter of CeO 2 single crystal about 14 nm. Performance evaluation of the synthesized CeO 2 samples showed that the nanostructured CeO 2 has a strong adsorption toward acid orange-10 (AO-10) and congo red (CR) in aqueous solution. Under given experimental conditions (dye concentration of 15 mg/l, adsorbent dosage of 1 g/l, reaction temperature of 30 ± 1°C), it was estimated that the adsorption equilibrium for AO-10 and CR occurred at 60 min and 90 min of reaction time, respectively, with total removal of 96.82 % for AO-10 dye and 93.55 % for CR dye. The results suggested that the CeO 2 nanopowder could be potentially used as an efficient adsorbent for the removal of synthetic organic dyes in aqueous solution and may address for future concern in the area.
I. Introduction
Synthesis of nanostructured metal oxides having tremendeous physical and chemical properties (which are usually significantly different from their bulk particles) has attracted considerable interest in both academic and research. Cerium dioxide (CeO 2 ), is one of the most important metal oxide in daily life and has been used in wide area of applications. In industrial field, the CeO 2 has been used as an additive in ceramic manufacture [1] . CeO 2 was also reported as a promising catalyst with high catalytic performance for organic chemical synthesis [2] . For UV hazard protection, CeO 2 has been reported as an effective material for UV blocking material [3] and sunscreen cosmetic [4] . CeO 2 was also found as an alternative solid electrolyte for fuel cell for energy saving purposes [5] [6] [7] . In the field of environ-mental protection and remediation, CeO 2 has been reported as active materials for controlling automotive exhaust emission, as photocatalyst/catalyst for the degradation of chemical pollutant, and as highly-efficient absorbents for dyes removal [8] [9] [10] [11] [12] .
Synthesis of CeO 2 having nano dimensional structures was firstly reported by Matijević and co-workers in 1987 [13] . Since then, a number of methods for the synthesis of nanostructured CeO 2 have been reported in published literatures including microwave-assisted [14] , sol-gel [15] , ultrasonication [16] , hydrothermal [17, 18] , precipitation/co-precipitation [2, 19] and micro emulsion method [20] . Among these synthesis methods, precipitation/co-precipitation method is preferred because it is inexpensive, relatively simple, and CeO 2 powder having crystal size on nano scale could be obtained. It is widely acceptable idea that synthesis of nanostructured metal oxide is generally designed to achieve an active material that is otherwise not reactive.
Regarding to the aqueous environmental-related is-
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❆ ❝ ❝ ❡ ♣ t ❡ ❞ sues, water pollution by synthetic dyes from industries such as textiles, paper, and plastic might be one of the most serious problems. It has been reported that hundred thousand tonnes of commercial dyes are produced annually [21, 22] and they are used by industries to colour their product [23] . Water pollution by synthetic dyes can be occurred because high percentage of coloured industrial effluents is discharged directly into aqueous environment [24, 25] . The presence of coloured dye effluents in aqueous environment can potentially threat the aqueous ecosystem because they are aesthetic pollutants, resistant to aerobic digestion, stable to light heat and oxidizing agents, and they can hinder the light penetration required for the aqueous biological processes [26] [27] [28] .
In addition, the coloured effluents may contain some harm chemicals that are toxic, carcinogenic, or mutagenic for the aquatic life [26, 28, 29] . Therefore, an action to remove the dyes from industrial wastewater before being discharged into the aqueous environmental is essential. There are some conventional treatment technologies for dyes removal have been reported including chemical coagulation, anaerobic reduction, aerobic oxidation, membrane filtration, photo-degradation and adsorption methods [23, 27, 28, 30, 31] . Among the reported technologies, the adsorption process provides an attractive method especially if the adsorbent has high adsorption property and recyclable. Thus, this study is not only aimed to synthesis the nanostructured CeO 2 using a simple precipitation method but also to evaluate its activity. The activity of the synthesized CeO 2 was evaluated as material absorber for removal of synthetic organic dye in aqueous solution. The structural and morphological of the synthesized CeO 2 were evaluated using thermogravimetry-differential thermo analysis (TG-DTA), diffuse reflectance-UV visible (DR-UVVis) spectroscopy, X-ray diffractometry (XRD), Fourier transform infrared spectroscopy (FTIR), and transmission electron microscopy (TEM). The environmental activity of the synthesized CeO 2 was evaluated as an adsorbent for removal of dyes pollutant from water. The nanostructured CeO 2 was synthesized using a simple precipitation method adopted from literature [32] . In a typical experiment, an appropriate amount of Ce(NO 3 ) 3 × 6 H 2 O was dissolved into 500 ml CTAB (0.02 M) solution to give 0.12 M of Ce(NO 3 ) 3 × 6 H 2 O in the mixture solution. The mixture solution was precipitated using NH 4 OH solution under vigorous stirring until the pH 10 of the mixture solution was reached. The coloidal solution formed was aged at 55-60°C for 6 h followed by centrifugation at 8000 rpm for 10 min to remove the supernatant. Wet solid material obtained was then washed thoroughly with copious amount of double distilled water and then dried at 100°C for 12 h to produce dry solid materials (referred to as-synthesized sample). The as-synthesized sample were ground in an agate mortar and calcined at 500°C for 4 h in open air in a tube box muffle furnace to obtain the nanostructured CeO 2 .
II. Experimental details
The as-synthesized sample was subjected to thermal (TG-DTA) analysis on a TGA DuPont 951 in the presence of static air at a heating rate of 10°C/min from 25-1000°C. Diffuse reflectance-UV visible (DR-UV-Vis) spectra were recorded on a Shimadzu UV2450 spectrophotometer under ambient temperature and BaSO 4 was used as a reference. X-ray diffraction (XRD) pattern of the CeO 2 nanopowder was recorded on a PhilipsType PW1710 X-ray diffractometer with Cu (λ = 1.5406 Å) irradiation and scanned 2θ in the range of 10-80°at a scanning speed of 1.2°/min. Fourier transform infrared (FT-IR) spectra were recorded with a FTIR-2000 Perkin Elmer using KBr plate at room temperature in the range of 500 to 4000 cm TEM operated at 200 kV. The CeO 2 nanopowder for TEM observation was dispersed in ethanol, sonicated and then very small amount of the suspension was deposited onto a 300 mesh copper grid. Activity of the synthesized CeO 2 was evaluated as an adsorbent for the removal of AO-10 and CR in aqueous solution. The adsorption experiments were conducted in a 50 ml capped glass tubes containing 50 ml of dyes solution (15 mg/l) and certain amount of CeO 2 nanopowder (1 g/l). The sample-containing glass tubes were shaken in a Certomat WR-Braun Biotech International temperature-controlled water bath shaker with a constant agitation speed (140 rpm) and 30 ± 1°C. Periodically, 5 ml of testing solution was taken. The dye filtrates were separated from the solid adsorbent material by centrifugation. Absorbance of the filtrates was then measured using a Hitachi U-2000 UV-Vis spectrophotometer at wavelength maximum of the dyes (λ max = 480 nm for AO-10 and λ max = 500 nm for CR). The concentrations of the dyes that remain in the sample solution were calculated from a calibration curve. The percentage adsorption was calculated using Eq. 1 below.
where C 0 (mg/l) and C t (mg/l) are the initial concentration and concentration of dye after time t, respectively.
III. Results and discussion
TG-DTA is an essential laboratory instrument used for material characterization. In TG-DTA experiment, properties of materials is monitored as a function of temperature in a controlled atmosphere as they change with temperature. TG-DTA profiles of the assynthesized sample are depicted in Fig. 2 . The TG curve of the as-synthesized sample under static air showed three main steps of weight losses (Fig. 2a) . At the first step, the weight loss of 9.05 % occurs below 130°C. Secondly, the weight loss of 14.79 % with a broad endothermic peaks is observed in the temperature ranging from 200 to 500°C. At the third step, a little change in the mass of sample in the TG curve is observed at temperature above 500°C with 1.49 % weight loss. The first step can be attributed to the release of adsorbed water, while the second step could be attributed to the dehydroxylation of the sample surface and loss of surfactant template. The third step could indicate the completion of any reaction involving removal of very little residual surfactant. From these TG results, it is obvious that most of the surfactant in the as-synthesized sample was eliminated at about 500°C. Thus, the calcination of the as-synthesized sample in open air has been performed at 500°C. The DT curve of the as prepared sample is shown in Fig. 2b . There are four exothermic peaks centered at about 135, 290, and 500°C. The first two exothermic peaks represent the desorbtion of water and dehydroxylation of the sample surface, respectively.
While the exothermic peak at about 500°C is associated with the loss of surfactant and starting the formation of crystalline CeO 2 . Phase and purity of the CeO 2 nanopowder was evaluated by the XRD analysis and the result is shown in Fig. 3a , and for comparison the CeO 2 standard JCPDS Card No. 43-1002 is also included. The CeO 2 nanopowder (Fig. 3a) No impurity phases can be observed, indicating high purity of the nanostructured CeO 2 . The average crystallite size of the photocatalyst samples were calculated from the full-width at half-maximum (FWHM) of 111 reflection as presented in Fig. 3a using Scherrer's formula as shown in Eq. 2 [33] : where D is the crystallite size, λ is the wavelength of the X-ray diffraction, β is the FWHM, θ is the angle of diffraction. It was obtained that the average diameter of the CeO 2 crystal was about 14.5 nm. In addition, welldefined peaks of the XRD diffraction confirm that the nature of the nanostructured CeO 2 were formed in good crystal quality. Figure 4 presents the FT-IR spectra of the assynthesized and the nanostructured CeO 2 after calcination at 500°C. As can be seen from the as-synthesized sample (Fig. 4a) . Some of these peak positions have slightly shifted to higher wavenumber compared to that of CTAB bands found in literature which was probably due to the interaction of CTAB with CeO 2 crystals and solvent during synthesis [34, 35] . The adsorption band around 3384 cm are attributed to the -CH 2 vibration of tertiary amine. These CTAB bands become weaker or disappear in the FT-IR spectrum of the nanostructured CeO 2 after calcination at 500°C (Fig. 4b) , indicating the CTAB has been eliminated from the calcined CeO 2 sample. On the other hand, some typical bands of the CeO 2 can be observed in Fig. 4b . The FT-IR peaks positions of the CeO 2 nanopowder were found at about 1512, 1251, 1054, and 834 cm -1 that are similar to the FTIR bands of CeO 2 as reported literature [36, 37] . At band below 700 cm -1 , the stretching frequency of Ce-O can also be obviously observed [36] .
The TEM images were taken for morphological evaluation of the nanostructured CeO 2 (Fig. 5) . Observation of the bright-field image (Fig. 5a ) displays that the nanostructured CeO 2 crystal were formed with nonuniformity of spherical shape. From the high resolution TEM image of the nanostructured CeO 2 crystal, shown in Fig. 5b , it is obviously observed the grain boundary of the CeO 2 with a clear crystal diameter. The crystal diameter was estimated ranging from 10 to 16 nm. The lattice fringes observed (inset of Fig. 5b) indicates that the crystal of the nanostructured CeO 2 are presence in good quality nature [38] . The data from the TEM observation are in agreement with the XRD results.
The light absorbance characteristics of the synthesized samples in the UV-visible range were investigated from the diffuse reflectance spectra. The measured reflectance spectra obtained were transformed into Kubelka-Munk function, F(R):
where R is the reflectance value of the sample. Moreover, the absorption edge values of the samples were de- termined by plotting between the K-M function, F(R), and band gap energy (E g ) as shown in Fig. 6 . It can be seen from Fig. 6 , the band gap energy of the CeO 2 was found to be about 3.1 eV.
One of the main applications of metal oxide-based nanomaterial in the field of environmental protection and remediation is for the removal of synthetic dye pollutants. In this study, to evaluate the property of the nanostructured CeO 2 as an adsorbent, the adsorption testing was conducted with AO-10 and CR synthetic dyes. Figure 7 shows the percentage adsorption of AO-10 and CR dyes on the nanostructured CeO 2 . Using AO-10 dye as the adsorbate (Fig. 7a) , the adsorption rate was found increase rapidly within the first 7.5 min and then moderately. Very small increase of the adsorption rate can be observed after 30 min, indicating that the equilibrium has been achieved. In the case of CR dye as the adsorbate (Fig. 7b) , the trend of the adsorption curve was difference compared to the AO-10. The rate of the CR adsorption was found to be lower than AO-10 within the first 7.5 min and continue increase during the course of reaction. No equilibrium adsorption can be observed until 60 min of reaction time. On the other hand, the adsorption process of the CR dyes still occurs, implying that longer time is required to achieve its equilibrium; thus, the absorption process was extent to 120 min. From Fig. 7 , it was estimated that the adsorption equilibrium for AO-10 and CR might be occurred at 60 and 90 min of reaction time, respectively, giving a percentage removal of 96.82 % for AO-10 dye and 93.55 % for CR dye. The adsorption of both AO-10 and CR dyes can also be visually observed through the colour change of the tested dye solutions as shown in inset of Fig. 7 . Both dye tested solutions changed from coloured to a clear solutions (inset of Fig. 7) , which correspondence to decrease in the UV-Vis absorbance of the dye tested solutions as presented in Fig. 8 . Figure 9 presents FTIR spectra of the nanostructured CeO 2 powder before and after used as adsorbent for AO- can be seen, and these points correspond to OH stretching vibration, -C− −C-stretching, -N− −N-stretching vibration, -C−N-symmetric and asymmetric stretching, respectively [39] . However, all these characteristic peaks of azo dye [40] were absent in the CeO 2 before adsorption (Fig. 9a) , indicating that the AO-10 was absorbed on the CeO 2 . Not surprisingly, similar peaks positions of azo type dyes are found in the CeO 2 powder after its use for CR dye adsorption (Fig.  9c) . This confirms that functional groups of azo type dyes are dominant; thus the different between CeO 2 before and after adsorption can be easily observed. In addition, the adsorption of the AO-10 and CR dyes on the CeO 2 is also evident from a comparison of the colour of the CeO 2 before (Fig. 10a ) and after adsorption (Figs.  10b,c) . It can be seen that the colour of the CeO 2 after AO-10 adsorption (Fig. 10b) is comparable to that of AO-10 dye solution (inset of Fig. 10b) . A similar observation was found for the CeO 2 after its use for CR dye adsorption (inset of Fig. 10c) .
Moreover, the FTIR data can be used to prove by which the CeO 2 might be acted as adsorbed for the azo dyes (AO-10 and CR dyes) rather than as a catalyst. However, a further study is highly required to confirm the adsorption phenomenon.
IV. Conclusions
High purity of nanostructured CeO 2 powder having crystal phase of face centered cubic (fcc) with good crystalline nature has been synthesized using a simple precipitation method with cerium nitrate compound as precursor. Evaluation of adsorption performance demonstrated that the nanostructured CeO 2 can rapidly adsorb the AO-10 and CR dyes. For 1 h adsorption time, it is clear that the adsorption activity of the nanostructured CeO 2 was higher for the AO-10 dyes adsorption than that of the CR dye. Based on the result of this study, it can be concluded that the nanostructured CeO 2 is promising for the removal of synthetic dyes in aqueous solution. In addition, understanding the kinetic, equilibrium and thermodynamic of the dyes adsorption procesess are recommended for our further studies.
